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Introduction
The Maternal Mortality Ratio (MMR) is an important measure of the status of maternal health within a given population and is defined as the number of maternal deaths per 100,000 live births over a specified time period [1] . This is an important measure as improving maternal health was one of eight Millennium Development Goals (MDGs) adopted by the international community in 2000. The fifth MDG aimed to reduce the MMR by 75% from the 1990 level by 2015 [2] . Although the number of maternal deaths dropped by 43% since 1990, it remains far from the desired target. Efforts to reduce maternal mortality thus need to be continued. In September 2015, more than 150 world leaders gathered to embrace 17 new and ambitious Sustainable Development Goals targets (SDG). The SDG 3 includes reduction of global maternal mortality ratio to less than 70 per 100,000 live births by 2030 [3] .
Burundi has one of the highest MMRs in the world estimated at 740 deaths per 100,000 live births [4] . Studies by Tayler-Smith et al from rural Burundi showed that provision of good quality emergency obstetric care (EmOC) combined with an effective communication network and a functional ambulance transfer system for women at risk of, or with obstetric complications was associated with a substantial and rapid reduction in the MMR [5, 6] . These services were supported by Médecins Sans Frontieres (MSF-an international non-governmental organization) and showed a way forward to accelerate the pace towards achieving the MDG 5 in sub-Saharan Africa where progress had been far too slow [2] .
What was not assessed was the number and proportion of women accessing the EmOC facility who required surgical interventions and the types of such interventions [5, 6] . Although Caesarean sections are an important part of the surgical volume of district hospitals, other lifesaving emergency obstetric interventions are also performed such as laparotomy, hysterectomy, perineal and cervical tear repairs and craniotomy. Access to such surgical interventions is vital to avoiding maternal deaths and achieving set maternal health targets.
A PubMed search revealed no publications from Africa focused on women accessing EmOC who required emergency surgical interventions, the conditions that merited such interventions and the human resource cadres that performed surgery and anaesthesia. Information on the overall surgical volume at district-level settings is essential to gauge the required surgical needs and capacity. This would also inform and guide human resources (qualified obstetricians and gynaecologists and other staffs), infrastructure and training requirements.
In a rural district hospital in Burundi that offers EmOC, we thus assessed the a) characteristics of women at risk of, or with an obstetric complication and their types b) type of surgical procedure and anaesthesia performed c) human resource cadres who performed surgery and anaesthesia and d) patient outcomes at hospital exit.
Methods

Study design
A retrospective analysis of routine program data.
Study setting
The study was conducted in Kabezi district, a rural district in Bujumbura, Burundi. Kabezi district has a population of about 198,000 and 9900 expected deliveries a year [7] .
The district has nine health centres with a functioning maternity unit and one dedicated public district EmOC facility fully funded by MSF. The nine health centres are publically funded facilities that also received MSF support. The EmOC facility, named CURGO (Centre d'Urgence Gyneco-Obstétrique), is the only functional Emergency Obstetrical and Neonatal care (EmONC) centre in Kabezi. There is one other general hospital but without a functional operating theatre. CURGO is dedicated to obstetric emergency services.
The activities of CURGO, the ambulance transfer services and the system set-up among the nine health centres and CURGO have been described before [5, 6] . The average time taken by patients for travel by ambulance to receive care at CURGO was 78 minutes (range 52-130 minutes) [5] . In brief, CURGO receives referred women, according to established criteria which includes women at risk of, or with obstetric complications (Box 1). On admission to CURGO, a comprehensive package of care according to WHO standardised guidelines is offered, including Comprehensive Emergency Obstetric and Neonatal Care (CEmONC) (Box 2). The CURGO centre is operational 24 hours a day, seven days a week, and all services are offered free-of-charge.
Patient flow, surgery and surgical infrastructure
The activities are assured by the presence of national general practitioners who are the first-line and whose competencies in emergency obstetric surgery are enhanced through on-site training by expatriate gynaeco-obstetricians. Expatriate gynaeco-obstetricians also serve as second-line support for cases that cannot be handled by the general practitioners. Women transferred to CURGO are first assessed by a trained midwife and are reviewed by a general practitioner with surgical skills. An obstetrician reviews the case if there is a need for more advanced review. If a woman requires surgery a written consent form is signed, the operating room (OR) staff are informed and the woman is prepared for surgery by midwives. This involves hygiene, urinary catheter insertion and insertion of an intra-venous line. The woman is then prepared by an anaesthesia nurse or anaesthetist in the operating theatre. Once the woman is deemed ready for surgery, this is performed by a general practitioner with surgical skills and may involve an obstetrician depending on the level of complexity. Support is provided by an instrument nurse and midwife. After surgery, the patient is transferred to a post-operative room and when stable to the obstetrics ward. The human resources allocated to surgical activities are shown in Table 1 .
For anaesthesia management it was decided to work only with nurse-anaesthetists, with the possibility to refer for advanced anaesthesia and post-operative intensive care to hospitals in the capital city. The competences of the local nurse-anaesthetists were supported and evaluated throughout a tailored anaesthesia training conducted by a senior anaesthesiologist. All through, the competences of the nurse-anaesthetists were monitored by an anaesthesia report book and yearly supervision.
The CURGO centre is a building that was newly constructed by MSF. The OR's are located inside the Operation Department (OD) and in order to facilitate referral, they share a common corridor with the delivery and labour unit. The OD has 2 OR's, each equipped with one operating bed and supporting equipment. There is a preparation room where the pre-operative anaesthesia visit is held and a joint corridor with the surgical washing point. There are also toilets and a shower. Finally, there is a recovery room with a two bed capacity, and two locker rooms. The operation room is connected with the sterilisation area by two windows, one to give the contaminated material and other to receive the sterilised material. Surgical instruments, consumables, oxygen cylinders and concentrators are available as well as suction equipment-all of which are provided by MSF. Resuscitation equipment for the mother and newborn is also available. There is a 24 hour stand-by generator and independent water supply tank. The general layout of the operations department is shown in Fig 1. 
Study population and period
The study included all women who arrived at the CURGO facility at risk of or with an obstetric complication during the years 2011 and 2012. The study was conducted between July 2013 and April 2014.
Data and analysis
Two databases were used in this study: a dedicated and individualized database of all patients transferred for emergency obstetric care, covering admission, treatment and discharge characteristics of patients, and an individualized operating department register for collection of all peri-operative data. Data for the transfer database were cross-validated with patient files and Type of surgical procedure was categorized into major (caesarean section, hysterectomy, laparotomy, curettage and other obstetrical interventions including cervical tear suture, repair of third and fourth perineal tear and craniotomy) and minor procedures (episiotomy, first and second-degree perineal sutures, symphysiotomy and manual vacuum aspiration (MVA)). Hospital exit outcomes were standardized and included discharge, died, absconded and referred to tertiary care. Descriptive analysis was performed using EpiData Analysis software (version 2.2.2.182, EpiData Association, Odense, Denmark)
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Results
Characteristics of women at risk of, or with an obstetric complication and their types
A total of 6084 women were transferred to CURGO for EmOC, of whom 2534 (42%) underwent a major surgical procedure while 1345 (22%) required a minor procedure (Table 2) . 208 women underwent both minor and major surgery. Standardizing these numbers by coverage population implies 64 major obstetric surgical procedures performed /10,000 population/year. Among all women transferred for EmOC, 2413 (40%) did not require any surgical procedure. All cases of uterine rupture (73) and extra-uterine pregnancy (10) required major surgery, as well as the great majority of women with pre-uterine rupture and foetal distress (97% of 111 and 178 respectively). The two most prevalent conditions requiring a minor surgical procedure were abortions (61%) and normal delivery (34%).
Number and type of major surgical procedure and anaesthesia performed
Out of 2544 major surgical procedures, 2057 (81%) were caesarean sections ( Table 3) . Of these, 1650 (65%) required spinal anaesthesia while 578 (23%) were general anaesthesia. The most common condition requiring general anaesthesia was hysterectomy (89%, Table 3 ). Human resource cadres who performed surgery and anaesthesia Table 4 shows the human resource cadres performing major surgery and anaesthesia. Out of 2544 interventions 2341 (92%) were performed by general practitioners with surgical skills while 2451 (96%) anaesthesias were conducted by anaesthesia nurses. A person who had more than one major surgical procedure was counted as one for the purpose of this analysis. A patient may have had both major and minor surgical procedures.
b. Minor surgical procedure: Manual vacuum aspiration, episiotomy, repair of 1st and 2 nd degree perineal tear, symphysiotomy; A person who had more than one minor surgical procedure was counted as one for the purpose of this analysis. A patient may have had both major and minor surgical procedures. (7) 123 (5) 2544 a. 3rd to 4th degree.
b. Type of anesthesia was not recorded for three interventions.
Patient operative and hospital outcomes
Post-operative infection was recorded in 87 (4%) of all interventions. Table 5shows patient outcomes at hospital exit stratified by type of surgical procedure. Of 2534 admissions for major surgical procedures, 2467 (97%) were discharged (uneventfully) and there were 2 (0.1%) registered deaths.
Discussion
This is one of the first studies from a rural district hospital setting in Africa that has quantified the type of emergency obstetric conditions for which surgical interventions were required. About four in ten women transferred for EmOC required major surgery which was performed by trained general practitioners and nurse anaesthetists (non-specialists) and hospital exit outcomes were very good with only two reported maternal deaths. This finding is particularly encouraging since the facility only received obstetric referrals who were at risk of, or already manifesting an obstetric complication-these patients were thus at high risk of maternal death.
The strengths of the study are that obstetric complications were carefully identified, dedicated databases existed both for obstetric care and for surgery and these were closely supervised. Furthermore, the findings come from a rural district hospital facility in a country with a high MMR and thus have wider public health implications.
The study limitations are that we do not know if any deaths occurred after hospital discharge and post-operative infection was recorded only until hospital exit. This hospital was also better resourced than most other hospitals in similar settings since it benefited from support of MSF and this is a consideration for replicability [6] .
The findings of this study have a number of policy and practice implications. First, the MDGs and SDGs do not explicitly mention surgical care as a component of global health care and maternal health [8] . Our study reveals that six in ten referred women needed some sort of obstetric surgical intervention. Catering for this need is thus essential to reduce maternal mortality and achieve the set maternal health targets. The post 2015 development agenda needs to take this consideration on board.
Second, two previous studies from the same setting showed a rapid reduction in MMR associated with good quality obstetric emergency care and an efficient patient ambulance transfer system [5, 6] . This study now shows that good quality care can be provided largely by non-specialist staff who are well trained and supervised. Similar evidence of non-specialists providing comparable surgical care to those by obstetricians has been reported from Mozambique and Malawi [9, 10] . Such task-sharing is the way forward in ensuring access to surgical services in other sub-Saharan Africa countries struggling to reduce maternal mortality and faced with dire shortages of specialized obstetricians and anaesthetists [11] . The experience may also be useful to bridge the overall global gap, with an estimated two billion people, (i.e. 30% of the global population) lacking access to surgical services and millions being subjected to unsafe anaesthesia procedures [12, 13] . Emergency obstetrics and surgery Third, the emergency obstetric facility performed 64 major obstetrical procedures per 10,000 population per year. The respective rates in Tanzania, Uganda and Mozambique were much lower at six, 14 and 15 [13] . Obstetric emergency surgical coverage was thus four to ten times higher in our setting. This is tribute to a well-functioning centralized EmOC facility linked to an effective referral and patient transfer system [5] .
Fourth, about one in ten major surgeries was performed for foetal indications (foetal distress and cord prolapse) and this may have had a direct impact not only on the mothers health, but importantly on reducing neonatal mortality-the latter comprising 40% of all deaths in under-fives and thus important for the MDG 4 [14] .
Finally, despite the diversity of surgical procedures, we had a post-operative infection rate of about four percent. Although we aim for 'zero' post-operative infections, this is still an encouraging indicator of the overall quality of surgical and post-operative nursing care in this setting. This compares well with data from a multicentre study where the average post-operative infection rate was 7.3% and ranged between 1.7 and 10.4% [15] .
In conclusion, we have shown that the overall surgical volume in an emergency obstetric facility in rural Burundi is high and diverse, but good quality care can be achieved by trained non-specialist staff. The post 2015 development agenda needs to take this into consideration if it is to make further pace in efforts towards reducing maternal mortality in Africa. Table 5 . Patient outcomes at hospital exit at an emergency obstetric care facility (CURGO), Burundi, 2011-2012.
Total admission Discharged n (%) Referred to tertiary care n (%) Died n (%) Absconded a n (%) Not recorded n (%) 
